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ABSTRACT 



This is the second part of a detailed study of the ultracompact group CG J1720-67.8: in the 
first part we have focused the attention on the three main galaxies of the group and we have 
identified a number of candidate tidal dwarf galaxies (TDGs). Here we concentrate on these 
candidate TDGs. Absolute photometry of these objects in BVRJHK S bands confirms their 
relatively blue colors, as we already expected from the inspection of optical and near-infrared 
color maps and from the presence of emission-lines in the optical spectra. The physical conditions 
in such candidate TDGs are investigated through the application of photoionization models, while 
the optical colors are compared with grids of spectrophotometric evolutionary synthesis models 
from the literature. Although from our data self-gravitation cannot be proved for these objects, 
their general properties are consistent with those of other TDG candidates. Additionally we 
present the photometry of a few "knots" detected in the immediate surroundings of CG J1720- 
67.8 and consider the possibility that these objects might belong to a dwarf population associated 
with the compact group. 

Subject headings: galaxies: evolution — galaxies: interactions — galaxies: starburst 
1. INTRODUCTION 



1 Partly based on data collected at the European South- 
ern Observatory, La Silla, Chile (Proposal 63.N-0737) and An often neglected aspect of interaction-induced 

at the Anglo Australian Telescope, Siding Spring, Australia galaxy evolution is the possibility of formation of 

(Proposal PATT/02A/24). dwarf galaxieg out of interaction debris. The for- 

mation of self-gravitating objects in tidal tails was 
already announced by Zwicky (1956). However 



1 



some interest in these objects has started grow- 
ing only in recent years. Numerical simulations of 
galaxy encounters support two possible scenarios 
of tidal dwarf formation. The first one predicts the 
formation of massive bound condensations dom- 
inated by the stellar component along tidal tails 
and a subsequent infall of gas from the tail into 
the dwarf's potential well (Barnes & Hernquist 
1992, 1996). The second one, based on numerical 
simulations including dissipation for the gaseous 
component, proposes that the gas condenses first 
(Elmegreen et al. 1993). Actually, both the stel- 
lar and gaseous component are observed in tidal 
tails and condensations along them. The forma- 
tion of condensations of gas and stars has been 
observed especially at the tips of tidal tails. A 
spectacular example is the one of the "Antennae" 
(NGC4038/4039, Schweizer, 1978; Mirabel, Dot- 
tori & Lutz 1992), but other examples are shown 
e.g. in Due et al. (2000) and Weilbacher et al. 
(2000). These "condensations" in tidal tails of 
interacting galaxy systems are commonly known 
as Tidal Dwarf Galaxies (TDGs). They usually 
share the typical properties of dwarf irregulars 
and blue compact dwarfs, concerning their surface 
brightness, blue colors, and strong bursts of star 
formation, but show somewhat higher metallici- 
ties confined in the narrow range 12+log(0/H) 
- 8.4 - 8.6 (Due et al. 2000). This is consistent 
with their formation from material already pro- 
cessed and chemically enriched in the outer disk 
of the progenitor galaxies and can be a clue to 
disentangle dwarf galaxies born as TDGs from 
the population of field dwarf galaxies. A more 
restrictive definition of TDGs has been proposed 
by Due et al. (2000), who consider a TDG "an ob- 
ject which is a self-gravitating entity, formed out 
of the debris of a gravitational interaction" . This 
restricts such a category of objects to the ones 
having their own dynamics and a potential well 
deep enough to allow them to survive disruption 
for at least 1 Gyr. 

Actually N-body simulations suggest that a 
substantial fraction of the material ejected dur- 
ing an interaction and accumulated in the tidal 
tails will slowly fall back into the remnant, al- 
lowing only for the outermost part (e.g., amount- 
ing to 20% in the simulation of NGC7252 by Hi- 
bbard & Mihos (1995)) to gain enough kinetic 
energy to escape and evolve independently for a 



long time. Studies of poor galaxy groups have re- 
vealed the presence of a population of dwarf galax- 
ies in them (Zabludoff & Mulchaey 1998), some- 
times considerably increasing the number of group 
members. Also isolated elliptical galaxies that are 
considered to be relics of compact groups (CGs) 
are surrounded by a population of dwarf galaxies 
(Mulchaey & Zabludoff 1999). A possible explana- 
tion is that part of the dwarf galaxies observed in 
groups is generated in the groups themselves as a 
by-product of galaxy interactions in these dense 
environments. A search for TDGs in CGs led 
Hunsberger, Charlton, & Zaritsky (1996) to sup- 
pose that up to half of the total dwarf population 
in CGs may be the product of interaction between 
galaxies. However the study of Hunsberger et al. 
(1996) suffers from the lack of kinematic informa- 
tion, which makes it difficult to distinguish "real" 
TDGs from non-self-gravitating condensations in 
tidal debris. More restrictive identification criteria 
applied by Iglesias-Paramo & Vflchez (2000) led to 
the detection of a much lower number of TDGs in 
CGs. However the study with most complete in- 
formation on compact groups' TDGs until present 
is the one by Mendes de Oliveira et al. (2001), 
which relies on both photometry and kinematics, 
but is limited to HCG 92. They identified in HCG 
92 seven candidate TDGs, at least two of which 
are thought to be able to survive fall-backs into or 
disruption by the parent galaxy. 

In this paper we focus our attention on the 
brightness enhancements and/or blue condensa- 
tions we identified as possible TDG candidates 
during a detailed analysis of the compact galaxy 
group CG J1720-67.8 (Weinberger, Temporin, & 
Kerber 1999 (Paper I); Temporin et al. 2003 - 
hereafter Paper II). In particular we perform op- 
tical and near-infrared aperture photometry and 
investigate the physical properties of the identified 
knots and candidate TDGs through photoioniza- 
tion models calculated with the code Cloudy 90.04 
(Ferland 1996). Considerations about the tidal- 
tail kinematics are expressed on the bases of spec- 
troscopic data obtained for discrete regions along 
the tail in addition to integral field spectra sam- 
pling its northern part. The optical colors of the 
candidate TDGs are compared with the grids of 
spectrophotometric evolutionary synthesis models 
by Weilbacher et al. (2000). 
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2. PRIOR OBSERVATIONS AND NEW 
DATA 

Most of the data, on which the present study 
is based, have already been presented in Paper II, 
therefore we only briefly list here the observational 
material at our disposal. Broad band B, V , and 
R images (900 s, 600 s, and 3x600 s exposures, 
respectively) have been obtained in June 1999 at 
the ESO 3.6 m telescope in La Silla. A number 
of broad band images was obtained in the near- 
infrared (NIR) regime in June 2000 at the 1 m 
Swope telescope in Las Campanas. The total in- 
tegration times were 1800 s in the J band, 2000 s 
in H and 2500 s in K -short (K s ). Details about 
the reduction steps and the photometric calibra- 
tion are given in Paper II. The NIR photomet- 
ric system is described in detail in Pcrsson et al. 
(1998). For clarity we show in Fig. 1 the identifi- 
cation of the candidate TDGs and knots onto the 
contour maps of the B and i?-band images of CG 
J1720-67.8. Spectra of the candidate TDGs were 
obtained at the 2.5 m Du Pont telescope of Las 
Campanas with the Modular Spectrograph and at 
the ESO 3.6 m telescope in La Silla, with EFOSC2, 
in multi-object mode (MOS). They all show emis- 
sion lines with radial velocities in agreement with 
those of the three main galaxies and H Il-region 
like diagnostic ratios (see Table 6 and Fig. 10 in 
Paper II), although high values of the [S II] /Ha 
ratio suggest that shock heating might also be im- 
portant. Candidate TDGs' fluxes, the extinction 
corrected intensities and the estimates of the in- 
ternal extinction obtained from the Balmer decre- 
ment were reported in Table 3 of Paper II (but see 
also § 4 below). The highest extinction value was 
found for object no. 3, the candidate TDG at the 
northern tip of the group's tidal arc (E(B — V) = 
0.78 ± 0.42). 

Additionally, we make use of velocity infor- 
mation about object 3+9 obtained from recent 
observations (June 2002) at the 3.9 m Anglo- 
Australian Telescope with the integral field unit 
SPIRAL (Segmented Pupil/Image Reformatting 
Array Lens) and a 600 g/mm grating in the wave- 
length range A 6500 - 7120 A in combination with 
the 2048x4096 13.5 ^-sized pixels EEV chip. 



3. PHOTOMETRIC ANALYSIS 

From an examination of the contour maps in 
Fig. 1, we note that objects 3, 7, 10, and 12 
along the tidal arc -selected for showing peaks 
of intensity over the tidal feature where they are 
embedded- show some sort of boundaries. No. 9 
appears like a secondary peak inside the bound- 
aries of no. 3 -although this could be an effect of 
insufficient spatial resolution- therefore we con- 
sider it as part of object 3 and we will refer to it 
as object 3+9. No. 8 appears like a secondary 
peak adjacent to no. 7 and, although it does not 
show a clear brightness enhancement with respect 
to the tidal tail, it emerges as a sort of separated 
knot in the i?-band image after the application of 
an adaptive Laplacian filter (Fig. 2), which has 
the effect of suppressing the noise and enhancing 
faint structures 2 (Richter et al. 1991; Lorenz et al. 
1993). No. 5 emerges more clearly as a knot in 
Fig. 2, while it appears as a diffuse structure con- 
nected to galaxy 4 in the contour maps of Fig. 1. 
This object could be a star-forming small tidal tail 
or perhaps a vestige of a spiral arm. Its color does 
not differ from that of galaxy 4, as can be seen 
in the B — V^color map of Fig. 3 (obtained as de- 
scribed in Paper II). Finally, no. 11 appears as 
a knot inside a ring-like (Fig. 2) diffuse structure 
without any obvious connection with tidal tails. 
In Fig. 3 all the objects identified along the tidal 
arc appear bluer than the underlying tidal tail and 
the adjacent galaxy 4. 

Since the features under investigation have ir- 
regular elongated shapes, we did not apply tradi- 
tional circular aperture photometry, which would 
include too much flux from the surrounding parts 
of the tidal tail. Instead, we adopted a proce- 
dure analogous to the one applied by Weilbacher 
et al. (2000) and measured total magnitudes inside 
polygonal apertures. The apertures were defined 
on the contour plot of the calibrated £>-band im- 
age following the faintest contour, which still al- 
lowed to separate each clump from the underlying 
tidal tail. Therefore the surface brightness level at 
which the aperture was defined was different for 

2 The position of faint structures revealed in close proxim- 
ity of bright sources appears slightly shifted in the filtered 
image with respect to the original because of boundary ef- 
fects and depending on the size of the filter adaptive box. 
Therefore object positions were defined only on the original 
images. 
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each object and the values are listed in Table 1, 
together with peak surface brightnesses. The same 
surface brightness levels were taken as reference to 
measure the size of the clumps. Due to the elon- 
gated shape of the objects, instead of a typical 
radius we list in Table 1 their minor and major di- 
mensions in kpc, adopting Ho = 75 km s _1 Mpc . 
The same polygonal apertures were applied to the 
aligned images in the V, R, J, H, and K s bands. 
The NIR images were first re-binned to match the 
pixel scale of the optical ones. We chose not to 
subtract the tidal tail contribution from the ob- 
jects' fluxes, but only the sky-background evalu- 
ated in several positions as near as possible to the 
objects of interest. This choice will allow us to 
compare our photometric data with the evolution- 
ary synthesis models by Weilbacher et al. (2000), 
which take into account also the old stellar popu- 
lation present in the underlying tidal tail. 

The total magnitudes and average surface 
brightnesses inside the polygonal apertures and 
the optical and NIR colors of the clumps are listed 
in Table 2. All the values are corrected for Galac- 
tic extinction (E(B-V) = 0.088). We find optical 
colors (B — R^ 0.65 - 0.85) consistent with those 
of HCG 92 's TDG candidates (Mendes de Oliveira 
et al. 2001). Due to the difficulty to define a clear 
boundary for the knot no. 5 we give only its 
surface brightness and colors, but not its total 
magnitude. For comparison purposes we list also 
the average surface brightness and colors of two 
portions of the tail measured between the clumps. 
The brightness of the tail increases slightly from 
North to South. Typical photometric errors in to- 
tal optical magnitudes range from ~ 0.002 to 0.01 
mag, therefore the calibration error (~ 0.05, see 
Paper II) is dominating. In the NIR photometric 
errors are typically ~ 0.1 - 0.2 mag but reach 0.6 
mag for the faintest objects, nos. 8 and 11, which 
could not be measured in the K s frame. 

Although for the candidate TDGs nos. 3+9 and 
7 we could estimate a significant amount of inter- 
nal extinction from the Balmer decrement (see Pa- 
per II, Table 3), the error in this extinction mea- 
surement is high, therefore we preferred not to ap- 
ply any internal extinction correction to the mag- 
nitudes of these objects. We obtained the follow- 
ing luminosities of the candidate TDGs (including 
the light from the underlying tidal tail): Ms (3+9) 
= -17.46, M B (7) = -17.06, M B (8) = -13.93, 



M B (10) = -15.86, M B (12) = -15.35, and M B (11) 
= —14.39. We note that the above luminosities 
are comparable or higher than those found by 
Mendes de Oliveira et al. (2001) in the candidate 
TDGs' sample of Stcphan's Quintet and those of 
TDG candidates in interacting systems identified 
by Weilbacher et al. (2000). The two brightest 
TDG candidates have luminosities higher than the 
brightest H II regions measured in Sc galaxies by 
Bresolin & Kennicutt (1997) and more typical of 
giant extragalactic H II regions (Mayya 1994). 
However, the comparison with H II region prop- 
erties is made difficult by the different methods 
of measurement used in the present work and in 
the literature. In particular, we need to emphasize 
that, unlike most published photometric measure- 
ments of extragalactic H II regions, we have used 
interactively defined polygonal apertures and we 
did not subtract the flux contributed by the tidal 
tail, where the knots are embedded, as explained 
above. We will further discuss this point later, in 
§5. 

3.1. Other "Knots" in the Close 
Environment of the Group 

A number of additional irregularly shaped, faint 
knots have been identified in the close environ- 
ment of CG J1720-67.8, and in particular inside 
its halo. Their nature is unclear and we have not 
yet obtained spectral information on them. How- 
ever, at least for part of them, we could measure 
aperture magnitudes in the optical images. In this 
case we used circular apertures and evaluated the 
sky background in an annulus around each ob- 
ject. These knots are labeled with small-case let- 
ters onto the Laplacian filtered R-band image in 
Fig. 2. Their optical magnitudes and colors are 
listed in Table 3. 

Some of these objects might belong to a popula- 
tion of dwarf galaxies associated with the compact 
group, however deeper data and spectral informa- 
tion are necessary to understand it. At present, 
the group's members among these cannot be dis- 
tinguished from background objects due to the 
lack of radial velocity information, although their 
colors could be consistent with background galax- 
ies (see § 6). 
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4. SPECTRAL PROPERTIES AND 
PHOTOIONIZATION MODELS 

The spectra of the candidate TDGs (nos. 3, 7, 
8, 9, 10) and of additional knots of CG J1720- 
67.8 (nos. 5, 11) all show a blue continuum 
(Fig. 4), and some of them exhibit remarkable 
Balmer absorption lines in addition to the emis- 
sion lines typical of H II regions. Therefore all 
their spectral properties agree to indicate a dom- 
inating young stellar population and an activity 
of current/recent star formation. As already no- 
ticed in Paper II, Veilleux & Osterbrock's (1987) 
(VO-)diagnostic diagrams applied to these objects 
confirm that their gas is photoionized by thermal 
sources -although a certain degree of ionization 
by shock-heating cannot be excluded. Also the 
spectrum of the portion no. 6 of the arc shows 
Balmer absorption lines and weak emission lines 
(Ha, [N II], and [S II]), indicating that a low level 
of star formation is present in the tidal tail as well, 
together with an older stellar population. 

Given the thermal nature of the ionizing source, 
the Ha emission-line luminosity, after correction 
for internal extinction, could be used to evaluate 
the star formation rate (SFR) of these objects. In 
the spectra nos. 5 and 6, only a few emission lines 
were detected, i.e. the blend Ha-[N II], the [S II] 
doublet, and -for object 5- [O II] A 3727. These 
were insufficient to locate the regions in the VO- 
diagnostic diagrams and the lack of a measurable 
H/3 prevented the estimate of the internal extinc- 
tion. In this case we used the uncorrected Ha 
luminosities for the SFR estimate. The star for- 
mation rates calculated following Hunter & Gal- 
lagher (1986) are listed in Table 4. They range 
from 0.004 to 0.82 M Q yr _1 , with star formation 
rate densities (SFRD) of 0.05 to 14.15 M Q yr" 1 
pc~ 2 , the highest value being found for the candi- 
date TDG no. 3 3 and the lowest for knot no. 5. 
These SFR values are comparable to those of the 
TDGs identified in HCG 92 (Mendes de Oliveira 
et al. 2001). 

The observed emission-line ratios were used to 



The emission line fluxes of object no. 3, as well as the 
extinction value, arc the ones reported in Paper II, Table 3. 
These values are somewhat different from those reported in 
Paper I, Table 1 because of a redefinition of the aperture 
in which they were measured. Additionally, we point out a 
mistake in Paper I, Table 2, by which all the values referred 
to this object are too low. 



infer the physical and chemical properties of the 
ionized gas. 

TDGs are expected to have higher metallici- 
ties than typical field dwarf galaxies, since they 
form out of already enriched material ejected by 
the parent galaxies. Since in none of the candi- 
date TDGs the [O III] A 4363 emission-line was 
detected, a direct measurement of the electronic 
temperature of the emitting gas -necessary for 
the calculation of the metal abundances of the 
gaseous component- was not possible. Therefore, 
in analogy with the method adopted for the three 
main galaxies of CG J1720-67.8 (Paper II), we ob- 
tained a first estimate of the metal abundances 
of the candidate TDGs by comparing their emis- 
sion line ratios with the empirical diagrams of Mc- 
Gaugh (1991) and Denicolo et al. (2002). From the 
comparison with the grid of models of McGaugh 
(1991) in the plane [O III]/[0 II] vs R 23 (R23 = 
log[([0 II] A 3727 + [O III] A 4959,5007) /H/3]) we 
found that all the candidate TDGs have an ion- 
ization parameter in the range —3.5 < logU < 
—3. The metal abundances, represented by the 
O/H ratio, result in the range —3.9 < log(0/H) 
< —3.5 for objects nos. 7, 8, and 9 and have the 
two possible values log(0/H) ~ —4.1 or log(0/H) 
~ —3.2 for no. 10. Object no. 3 could not 
be compared with these model grids, because the 
[O II] A 3727 was not detected in its spectrum. All 
the candidate TDGs could be compared with the 
monotonic relation 12+log(0/H) vs log([N II] A 
6583/Ha) (Denicolo et al. 2002). By referring to 
the model track with logU = —3.0 (Denicolo et al. 
2002, Fig. 1), we found metallicity values in rough 
agreement with the lowest values given above - 
i.e. with the lower branch of the R23 - log(0/H) 
relation in McGaugh (1991)- namely log(0/H) ~ 

-3.7 for objects 3, 8, and 9, log(0/H) 3.8 for 

object 7, and log(0/H) ~ —3.9 for object 10, or, 
in other words, Z ~ 0.2 - 0.3 Z 4 . These estimates 
were further refined by fitting the observed emis- 
sion line ratios with photoionization models by use 
of the code Cloudy 90.04 (Ferland 1996). During 
the fits the hydrogen density Nh and the ioniza- 
tion parameter U were let free to vary, while as a 
typical temperature of the thermal ionizing con- 
tinuum we assumed T = 4xl0 4 K. Several models 



4 As values for solar abundances we used O/H = 7.41 X 10 4 , 
N/H = 9.33X1CT 5 , and S/H = 1.62xl0" s . 
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were tried with slightly different metallicity val- 
ues, until the reproduction of the observed line 
ratio was satisfactory (we chose the models with 
lowest x 2 ). The final photoionization model pa- 
rameters are given in Table 5, while in Table 6 the 
observed and modeled emission-line intensities rel- 
ative to H/3 are compared. However, also with this 
procedure the metal abundances of objects 7, 8, 
and 9 could not be uniquely determined. Actually 
photoionization models with physical parameters 
similar to those given in Table 5 but somewhat 
lower metal abundances would offer a comparably 
good, or even better fit to the observed line ra- 
tios. The parameters of these alternative models 
are shown in Table 7. 

To summarize, our candidate TDGs show re- 
cent/present star formation activity, and their 
gaseous component exhibits an ionization param- 
eter U in the range ~ 4xlCT 4 - 7xl0~ 4 , a hydro- 
gen density Nh in the range ~ 1 - 2xl0 2 cm -3 , 
and metal abundances Z ~ 0.1 Z for object 10 
and Z ~ 0.3 Z Q for objects 3, 7, 8, and 9, al- 
though somewhat lower abundances for the last 
three might be possible. Especially object 7 could 
have Z ~ 0.1 Z Q , but with an overabundance of 
oxygen and sulphur, which appear to be roughly a 
third of the solar value. As a comparison we recall 
here the metal abundances obtained for the three 
main galaxies of CG J1720-67.8 (Paper II): Z ~ 
0.2 Z Q for galaxy 1, Z < 0.5 Z Q for galaxy 2, and 
Z ~ 0.1 Z for galaxy 4. 

4.1. Velocity Field of the Northern Tip of 
the Tidal Arc 

During June 2002 observations at the Anglo- 
Australian Telescope equipped with SPIRAL we 
obtained integral field spectra of the upper part 
of the tidal arc, where the candidate TDG 3+9 
is located. The object was covered with an ar- 
ray of 14x15 microlenses giving a field of view of 
9".8xl0".5 with a spatial scale of 0.7 arcsec per 
microlcns per pixel. The position of the array onto 
the R-band image of the group is shown in Fig. 5 
(left). The observations were carried out with the 
nod and shuffle technique in order to provide an 
optimal subtraction of the sky-background. The 
total exposure time was 1 hour, half of which 
was spent on target and the other half on sky. 
The wavelength range was centered on the red- 
shifted Ha line. The 600R grating combined with 



the EEV CCD-chip gave a dispersion of 0.612 A 
pixel -1 . The average spectral resolution was in 
the range 1.8 - 2.3 A with the lowest values in 
the central part of the array and highest values at 
the borders. The basic reduction steps -involving 
the tracing of the fibres by use of a flat-field 
frame, bias subtraction, flat-fielding, wavelength 
calibration, sky subtraction, and combination of 
subsequent exposures- were done with the ded- 
icated software 2dfdr 5 , Version 2.3, provided by 
the Anglo-Australian Observatory. This software 
allows also the image reconstruction at a specified 
wavelength or in a specified wavelength range and 
was used to reconstruct an Ha + continuum image 
of the field in the range 6800 - 6900 A for object 
identification purposes. This image was resamplcd 
onto a grid of 56 x 60 pixels (i.e. 4 times larger than 
the original) and smoothed with a 4x4 pixel box 
for viewing purposes (Fig. 5, right). 

Further analysis of the data was carried out 
within IRAF. Specifically, for each spectrum 
where the Ha emission line was detected we ob- 
tained a radial velocity measurement (through 
Gaussian fit of the emission-line) in order to re- 
construct the velocity field of the source. The 
average calibration error, evaluated from position 
measurements of OH night-sky lines (Osterbrock 
et al. 1996), is 2.9 km s _1 . No systematic trends of 
the error were detected across the 14x15 array of 
spectra. The result is shown in Fig. 6. On the left- 
hand panel the original reconstructed continuum 
image (without resampling) shows object 3+9 in 
the center and portions of galaxies 2 and 4 at the 
right edge. On the central image the velocity field, 
with indicated the maximum and minimum mea- 
sured radial velocities of the object 3+9, shows a 
velocity gradient in direction NE-SW (the north- 
eastern part being the receding one) across the 
object, with a maximum velocity difference of ~ 
200 km s _1 over an extent of ~ 5 kpc. The ve- 
locity field is shown also after magnification and 
resampling (Fig. 6, right-hand panel) and can be 
compared with Fig. 5. There might be several 
possible explanations for such a gradient (see e.g. 
Weilbacher, Due, & Fritze-v. Alvensleben 2002), 
like streaming motion along the tidal tail, projec- 
tion effects, or even rotational motion. We lack 
detailed information on the radial velocity gradi- 

5 Available at http://www.aao.gov.au/2df/software.html 
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ent along the tidal tail, apart from the discrete 
measurements in correspondence of objects 7, 8, 
and 10 that indicate that the southern part of the 
tail is approaching us (radial velocity ~ 13200 km 
s _1 ) and showing a velocity difference < 400 km 
s _1 between the tips of the tail. However, the 
TDG candidate 3+9 is located at the base of the 
tail, where tidal streaming and geometric effects 
are most extreme (see e.g. the case of the merger 
remnant NGC 7252 Hibbard & Mihos 1995, their 
Fig. 1). Such effects are likely to be responsible 
for the observed gradient. Even though, the pres- 
ence of a rotational motion cannot be ruled out. 
If the velocity gradient of object 3+9 was actually 
entirely caused by rotation, it would imply a dy- 
namical mass Mdyn ~ 6xl0 9 M Q , comparable to 
the mass estimated for the group's galaxy no. 1 
(Temporin & Fritze-von Alvensleben 2002). This 
mass, combined with the £?-band luminosity given 
in § 3, would yield a mass-to-light ratio Md yn /Ls 
~ 4. However, also in case of self-gravitation, the 
object is unlikely to be in a relaxed state, therefore 
the application of the virial theorem could lead to 
a considerable overestimate of its mass. 

5. COMPARISON WITH PROPERTIES 
OF EXTRAGALACTIC 
H II REGIONS 

In the attempt to understand the real nature 
of the knots in CG J1720-67.8 and to investigate 
alternative possibilities to the TDG candidate hy- 
pothesis, we compare their optical properties with 
those of normal and giant extragalactic H II re- 
gions (GEHR) present in the literature. As al- 
ready stated in § 3, some difficulties in such a com- 
parison arise as a consequence of different meth- 
ods of measurement. In particular the background 
subtraction is critical when comparing photomet- 
ric properties. Since most of the published optical 
photometry of H II regions is obtained by sub- 
tracting the contribution of the underlying galaxy 
components (i.e. disk, spiral arms), we have es- 
timated the contribution of the tidal tail to the 
light of our TDG candidates in the BVR bands 
and subtracted it from the measured fluxes of 
the knots. The new set of background-subtracted 
magnitudes and colors is shown in Table 8. The 
background of each knot was estimated by averag- 
ing the mean value inside a number of 10 x 10 pixel 
boxes selected all around the polygonal aperture 



used for the photometry, taking care to avoid the 
inclusion of adjacent knots. We stress that the 
background around the knots has strong gradi- 
ents, especially at the tips of the tidal tail. There- 
fore, although an as large as possible number of 
boxes was used for its estimate, the final values we 
adopted have uncertainties in the range ~ 12 - 40 
per cent. We found that the tidal tail contributes 
to the flux in the clumps by ~ 45 to 60 per cent in 
B, 55 to 68 per cent in V, and 52 to 70 per cent in 
R. The highest percentages are found in the cen- 
tral parts of the arc, while the lowest at the tips 
of the arc. The maximum contribution from the 
tail is observed in the V band and the minimum 
in the B band. Such a differential contribution 
determines the difference between the colors given 
in Table 2 and those in Table 8. 

The B-VanA V-R colors given in Table 8 
can be compared with those measured by Mayya 
(1994) for GEHR in a sample of nearby spiral and 
irregular galaxies. Median colors of GEHRs and 
GEHR groups in Mayya's sample are B — V= 0.21, 
V-R= 0.48 and B-V= 0.30, V-R= 0.44, re- 
spectively, which are consistent with the values we 
found for our clumps. Actually in Mayya (1994, 
Table 3) there are several examples of GEHRs 
with colors very similar to those in our Table 8. 
However, their Ha equivalent widths (Who) are 
much higher than the ones we measured in the 
spectra of our clumps (Table 4) . Furthermore the 
sizes of GEHRs are < 1.5 kpc, while the clumps 
in CG J1720-67.8 are considerably more extended 
(see Table 1). 

The properties of the first ranked H II re- 
gions in a sample of nearby spiral and irregular 
galaxies were studied by Kennicutt (1988) through 
Ha photometry. The brightest ("giant" or "su- 
pcrgiant") H II regions in Kennicutt's sample 
were found almost exclusively in late-type nor- 
mal galaxies or in peculiar galaxies, and the ques- 
tion "whether they simply represent the high- 
luminosity tail of the normal H II region lumi- 
nosity function or are a physically distinct class of 
objects formed under special conditions" appears 
to remain unanswered. Ha luminosities of these 
regions are in the range 10 39 -10 ergs s _1 and the 
masses of the embedded star clusters, calculated 
assuming a Salpeter IMF and including only stars 
with masses 10-100 M©, were expressed as M* = 
3600 L 3 g M Q (where L 39 is the Ha luminosity in 
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units of 10 39 ergs s _1 ), while the ionized gas mass 
was found to scale roughly linearly with Ha lu- 
minosity (at least for the largest H II regions) , al- 
though the actual value depends on the density N e 
according to the relation M. gas = 2.3xl0 6 Lsg/N e . 

By applying the above relations to our TDG 
candidates -using their extinction-corrected, spec- 
troscopically determined, Ha luminosities given in 
Table 4 and the hydrogen densities given in Ta- 
ble 5- we find masses of the embedded clusters 
ranging from ~ 4xl0 4 M Q (object 10) to ~ 5xl0 5 
M Q in the brightest knots at the tips of the tail 
and ionized gas masses ranging from ~ 10 5 (ob- 
ject 10) to - 4xl0 6 Mq (object 3+9). These are 
only rough estimates and the actual mass values 
could be larger, since we have used here Ha lumi- 
nosities from long-slit spectra, which covered big 
fractions, but not the full extent of the objects. 
For comparison, the Ha luminosity of the position 
6 along the tidal tail would yield M* ~ 10 4 M Q 
and M gas of order 10 5 M Q (in this case the density 
could not be determined and the ionized gas mass 
is estimated through Kennicutt (1988) empirical 
relation). The equivalent ionizing luminosity of 
object 3+9 reaches 10 53 photons s _1 (after cor- 
rection for internal extinction). 

The properties of the knots along (and espe- 
cially at the tips of) the tidal arc are comparable 
to those of the giant and supcrgiant extragalactic 
H II regions of Kennicutt's sample. We note that 
Ha luminosities given in Kennicutt (1988) are not 
corrected for internal extinction, unlike those in 
our Table 4. However, also before the extinction 
correction our TDG candidates have log Ha > 40 
ergs s _1 . 

A comparison of Ha equivalent widths given in 
Kennicutt, Keel, & Blaha (1989, their Fig. 6) with 
those in Table 4 shows that our TDG candidates 
are located at the lower limit of the range found for 
disk H II regions. Furthermore the value measured 
in the spectrum no. 9 is extremely low and sim- 
ilar to the values measured in spectra nos. 5 and 
6. This could indicate a non-negligible contribu- 
tion to the stellar continuum from an underlying 
evolved stellar population. 



6. COMPARISON WITH TDG 

EVOLUTIONARY SYNTHESIS 
MODELS 

The lack of detailed kinematic information (ex- 
cept for the low-resolution velocity field of the ion- 
ized gas in object 3+9) prevent us from establish- 
ing which, if any, of the candidate TDGs we have 
identified are actually self-gravitating objects -i.e. 
TDGs in the most rigorous meaning of the term- 
or simply clumps of gas and stars, which are still 
bound to the tidal tail where they have formed and 
might eventually evolve into TDGs. Even though, 
evolutionary synthesis models have proved useful 
to discriminate between candidate TDGs or TDG 
progenitors and background objects, and also to 
estimate the ratio of old to young stellar mass 
in them (Weilbacher et al. 2000). Therefore we 
compare here the observational properties of our 
candidate TDGs with the grids of evolutionary 
synthesis models published in Weilbacher et al. 
(2000). They have obtained models for two differ- 
ent metallicities, in the range expected for TDGs, 
i.e. Zi ~ Z Q /18 and Z 3 ~ Z /2.3, by use of an 
evolutionary code based on the work of Kruger, 
Fritze-v. Alvensleben, & Loose (1995). Their 
models assume for TDGs the same undisturbed 
evolutionary history of the parent galaxies until 
the onset of the interaction- induced starburst. A 
Scalo (1986) initial mass function is assumed. In 
the burst the SFR is set to a maximum value and 
decreases exponentially with a timescale tb- 

The grids of evolutionary models obtained 
by Weilbacher et al. (2000) for different burst 
strengths are represented by counter-clockwise 
loops in the B — Vvs V — R two-color diagram. 
Since we have found that our candidate TDGs 
have metallicities in the range 0.1 Z Q < Z < 0.3 
Z©, and in particular oxygen abundances O/H 
w 0.35 (O/H)©, we have compared their opti- 
cal colors with the Z3 models from Weilbacher et 
al. (2000). The observed colors of our candidate 
TDGs arc marked in Fig. 7 onto the two-color 
diagram adapted from Fig. lc of Weilbacher et 
al. (2000). Values corrected only for foreground 
Galactic extinction are marked with crosses. Arti- 
ficial data-points (labeled "a" , "b" , "c" , "d" , and 
"e") from Weilbacher et al. (2000) are plotted, as 
well (full circles). In particular point "b" corre- 
sponds to a burst strength b > 0.1 and a burst 
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age ~ 20 Myr, point "c" indicates a medium to 
strong burst of much higher age (~ 80 Myr), while 
point "d" corresponds to a burst age of ~ 7 Myr 
or less, depending on the metallicity. Most of our 
data-points fall into a region of the two-color di- 
agram where tracks of different models overlap, 
namely the part of the tracks with burst ages of 
only a few Myrs. This would indicate that such 
objects have just started their bursts of star for- 
mation. However, the application of a correction 
for internal extinction would move the points in 
the diagram toward older burst ages, reaching the 
region occupied by the artificial data-point "b" , 
or it would imply stronger bursts. Older burst 
ages would be in agreement with the observed Ha 
equivalent widths (Table 4), which are not as high 
as expected and observed in case of very young 
(age < 2 - 3 Myr) H II regions (see e.g. Bresolin & 
Kennicutt 1997). However, the Balmer emission- 
line equivalent width could be lowered as an ef- 
fect of the presence of an underlying population 
of stars older than those responsible for the ion- 
ization and contributing to the stellar continuum. 
Internal extinction affecting the emission lines but 
not the continuum could also play a role in low- 
ering the equivalent width (e.g. Mayya & Prabhu 
1996). 

Although it is not possible to establish the ap- 
propriate duration and strength of the bursts due 
to the similarity of models with b in the range 0.05 
- 0.18 and t b ~ 5xl0 5 - lxlO 6 yr, object 8 ap- 
pears consistent with a weaker burst with respect 
to the other TDG candidates. Object 11, a con- 
densation in a ring-like structure on the west side 
of the group, falls near the artificial datapoint "c" , 
suggesting a much higher burst age. This could be 
a condensation formed in an already fading tidal 
tail. 

Supposing that these TDG candidates will 
evolve following the tracks in Fig. 7, they will be- 
come still bluer during the next few Myr, then they 
will become progressively redder, reaching after ~ 
1 Gyr the pre-burst colors. Unless new bursts 
of star formation are triggered, the objects will 
progressively fade during their evolution. Their 
fading can be quantified by comparison with the 
luminosity evolution modeled by (Weilbacher et al. 
2000), which shows a rapid luminosity decrease in 
the first 50 Myrs after the maximum of the burst. 
In the hypothesis that they have reached the max- 



imum B luminosity at the present epoch, they will 
fade by about 3.5 mag within 2 Gyr. Therefore 
the brightest clump, no. 3+9, would reach Mb 
~ — 14 and it would be still observable, with an 
apparent magnitude B ~ 22.3. In the same time, 
the faintest object, no. 8, would fade to B ~ 25.9 
mag and would be visible only in very deep expo- 
sures. Object, no. 11, according to its estimated 
burst age of ~ 80 Myr, should have already faded 
by ~ 2.2 mag with respect to the luminosity peak 
reached during the burst phase and its B lumi- 
nosity is expected to decrease by another 1.3 mag 
in the next 1.9 Gyr, down to B ~ 23.2 mag. 

The observed colors of the additional knots 'a', 
'b', 'c', 'd', and 'e' (Fig. 2) identified in the group's 
halo would fall far away from the TDG model 
tracks, therefore, according to Weilbacher et al. 
(2000), they could be regarded as background ob- 
jects. 

7. DISCUSSION AND CONCLUSION 

We have presented photometric and spectro- 
scopic observational data of a number of knots and 
candidate TDGs previously identified (Paper I and 
Paper II) at the ends of and along the tidal fea- 
tures and in the halo of the ultracompact group 
CG J1720-67.8. Although we are not able to es- 
tablish whether the clumps along the tidal tail are 
already self-gravitating objects because of the lack 
of kinematic information -with the possible ex- 
ception of object 3+9 whose velocity field shows a 
regular velocity gradient- we have found that their 
properties are consistent with those expected for 
TDGs or TDG progenitors. Namely, they show 
blue colors, recent and/or present-day star for- 
mation activity, and relatively high oxygen abun- 
dances with respect to field dwarf galaxies. The 
same properties would also be consistent with star 
formation within the tail. Indeed we have detected 
a low level of star formation in a region of the tail 
where no visible knots are present (position no. 
6) and the moderately blue colors of the tail sug- 
gest that some degree of star formation is present 
all along it. However the star- forming clumps we 
have identified as candidate TDGs clearly appear 
as substructures and condensations within the tail 
and have colors significantly bluer than the sur- 
rounding regions. Moreover their luminosities are 
considerably higher than those typical of normal 
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H II regions in spiral galaxies and more typical 
of GEHRs. Optical colors as well, once a correc- 
tion for contamination from the tidal tail material 
has been applied, are in agreement with those of 
GEHRs (Mayya 1994). Actually, optical colors are 
not sufficient to discriminate between (giant) H II 
regions and TDGs. 

The sizes of most of our candidate TDGs are 
considerably larger than those of the most ex- 
tended GEHRs, which reach at most ~ 1.5 kpc 
(e.g. Kennicutt 1988). Instead they have dimen- 
sions typical of dwarf galaxies (see e.g. Elmegreen 
et al. 1996) and comparable to those of the can- 
didate TDGs in Stephan's Quintet (Mendes de 
Oliveira et al. 2001). Only object no. 8, judg- 
ing from its size, might be interpreted as a giant 
H II region. At the seeing of our observations, 
the spatial resolution element is < 1 kpc, which 
means that a giant H II region would barely be re- 
solved, while the clumps we observe appear clearly 
extended. Some of them -e.g. nos. 10 and 12 that 
appear less concentrated than the objects at the 
tips of the tail- could be complexes of H II regions, 
which appear as an individual clump due to insuf- 
ficient spatial resolution. However, if such com- 
plexes form in the tail, their potential well might 
result deep enough for them to become bound ob- 
jects that eventually can evolve as dwarf galaxies, 
provided their mass is sufficient. In such a case 
they could be considered as TDGs in the process 
of formation. The presence itself of structures in 
the tail suggests that self-gravitation might play 
some role. Whether or not the clumps of stars 
and ionized gas are to become bound objects and 
even accrete more matter from their surroundings, 
depends on their having enough mass to survive 
fall-back into the parent galaxies and tidal disrup- 
tion (Hibbard et al. 1994). 

The measured optical colors of our candidate 
TDGs are consistent with evolutionary synthesis 
tracks calculated for TDGs in the expected metal- 
licity range (Weilbacher et al. 2000). The posi- 
tions in the two-color diagrams, when compared 
with evolutionary tracks, suggests that the objects 
identified along the group's tidal arc have burst 
ages of a few Myr, while the blue knot no. 11 em- 
bedded in a ring-like structure in the group's halo 
is consistent with a much older burst age (~ 80 
Myr). However, the location of the objects in the 
two-color diagram might be strongly affected by 



internal extinction, which has not been taken into 
account due to the high uncertainty in its determi- 
nation. The effect could be relevant especially for 
the objects at the tips of the tail, where indications 
of higher extinction are found. The application of 
an internal extinction correction would move the 
observational points toward higher burst ages (up 
to ~ 20 Myr) in the model tracks, thus offering a 
possible explanation to the relatively low observed 
Ha equivalent widths. 

If a luminosity evolution analogous to the one 
modeled by Weilbacher et al. (2000) is assumed, 
the identified TDG candidates should fade to val- 
ues of the B luminosity still detectable after 2 Gyr 
of evolution, provided they survive as bound ob- 
jects. 

A comparison of the mctallicities of the candi- 
date TDGs with those of the three main galaxies 
in the group does not easily allow to understand 
which one is the parent galaxy. Actually object no. 
10 is the one with lowest metallicity, in agreement 
with the metal abundances of galaxy 4 (Paper II) . 
For the other objects the metallicity value is un- 
certain, although it seems established that their 
oxygen abundance is approximately a third of the 
solar one, therefore higher than that of galaxy 4. 
Their parent galaxy might be no. 1 , which exhibits 
somewhat higher abundances. 

A quantitative estimate of the possibility for 
these objects to survive as individual galaxies 
against internal motion and tidal forces exerted by 
the parent galaxies would require an estimate of 
their virial and tidal masses (Mendes de Oliveira 
et al. 2001). The first cannot be derived with the 
presently available data, the latter would require 
knowledge of the mass interior to their orbit. Since 
this mass is not known, we limit ourselves to a few 
qualitative considerations. We have found that the 
object composed of no. 3 and no. 9 (considered 
together) is the brightest of the proposed candi- 
date TDGs. It's velocity gradient, if actually due 
to rotation, would imply a mass comparable to the 
one estimated for galaxy 1 (Temporin & Fritze-von 
Alvcnsleben 2002). If this was the case, its mass 
could be sufficient for it to escape tidal disruption, 
despite its unfavorable position in the tidal fea- 
ture, very nearby to the parent galaxies. However, 
the observed velocity gradient could be an effect 
of streaming motion in combination with projec- 
tion effects, which can be extreme at the base of 
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the tidal tail. Therefore, no conclusive argument 
can be given at present. Object no. 7, although 
less bright and therefore presumably less massive, 
seems to be in a more favorable location to survive 
tidal disruption. 

In principle NIR photometry, when combined 
with optical photometry and equivalent width 
measurements, should help at least to understand 
whether the modest luminosity enhancements of 
our TDG candidates with respect to the surround- 
ing regions of the tidal tail indicate an actual in- 
crease of the underlying mass density -as expected 
in case of distinct dynamical entities- and not only 
an increase of the luminosity as a consequence of 
the burst of star formation. However the question 
cannot be addressed in a straightforward manner. 
Not only the optical (especially B) luminosity is 
influenced by the recent star formation activity 
with consequent changes in the M/L ratio, but also 
the NIR luminosity is affected, although in smaller 
measure. Therefore accurate evolutionary synthe- 
sis models, with adequate time resolution, are nec- 
essary for a meaningful interpretation of the data. 
Additionally, the uncertainty in the burst strength 
and age determination, partly caused by uncer- 
tainty in the internal extinction determination as 
explained above, further complicates the matter. 
We will attempt to address this question in a fu- 
ture work. 

At present, on the base of the analysis presented 
here, we can only conclude that the two objects at 
the tips of the tidal tail (3+9 and 7) appear to be 
the most promising TDG candidates of the galaxy 
group. 
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Fig. 1. — Contour maps of the B and i?-band images of CG J1720-67.8 taken at the ESO 3.6 m telescope. 
The galaxies, TDG candidates and emission knots are labeled. Position no. 6 is a portion of the tidal arc 
that does not correspond to any visible knot and for which a spectrum is available (see Fig. 4). 



Fig. 2. — Adaptive laplacian filtered R-band image of CG J1720-67.8. Polygonal apertures roughly approx- 
imating those defined on the -B-band image and used for aperture photometry (see text) are drawn around 
the knots and candidate TDGs already labeled in Fig. 1. Note that objects 5 and 8 are clearly visible in 
the filtered image, but their position is shifted with respect to the apertures, which were defined in the 
original image. This is an effect of the filtering algorithm when faint structures are revealed in proximity of 
much brighter sources. For photometric measurements only the original (non-filtered) image was used. The 
knots identified in the close environment of CG J1720-67.8 and listed in Table 3 are indicated with circles 
or ellipses and marked with small-case letters. Stars close to the group's members are marked with "S" . 



Fig. 3. — B — Vcolor map obtained after alignment of the B and V frames and matching of their point spread 
functions, as described in Paper II. All objects of the group are labeled and the polygonal apertures used 
for the photometry of knots and TDG candidates are drawn. The color scale is selected in a way such that 
physically bluer structures appear blue in the image and redder structures appear red. 



13 





6.0 




4.0 




2.0 




0.0 




-2.0 




1.2 




0.8 




0.4 




0.0 




0.6 




0.4 




0.2 




0.0 




2.5 




1.5 




0.5 






w 

E 


1.5 


o 




O) 


1.0 


CD 






"to 


0.5 



1.0 

o.e 

0.2 
1.0 

o.e 

0.2 
1.0 

o.o 



1 


i i 

(3) 







f 






.Fir" * 


i i 






(B) 


. . i - 








§ 








(11) 





4000 



5000 6000 
Wavelength A 



7000 



8000 



Fig. 4. — Spectra of the knots and tidal dwarf candidates of CG J1720-67.8 



Fig. 5. — Left: SPIRAL microlenses array position marked over the i?-band image of CG J1720-67.8. Right: 
Ha+continuum map reconstructed from the array of SPIRAL spectra in the range 6800 - 6900 A. For 
viewing purposes the original map has been magnified, projected onto a grid of 56x60 pixels, and smoothed 
with a 4x4 pixel box. 
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Fig. 6. — Left: Ha+continuum map reconstructed from the array of SPIRAL spectra in the range 6800 - 
6900 A (the same as Fig. 5 but with the original pixel size). Center: Ha velocity field. Velocities increase 
from blue to red. The minimum and maximum radial velocities measured on object 3+9 are indicated. 
Right: The same as the central frame, after projection onto a grid of 56x60 pixels. North is on top, East to 
the left. 
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Fig. 7. — Evolutionary synthesis grid of models for TDGs in the B — Vvs V — R plane, adapted from Fig. lc 
of Wcilbacher et al. (2000), with overplotted data-points relative to the candidate TDGs of CG J1720-67.8, 
marked with 'X'. For comparison, the positions of two regions of the tidal tail measured between the knots 
are marked, as well (*). The cross in the lower right corner shows the estimated typical error in colors, while 
the big arrow represents a reddening A# = 0.5 mag. The smaller arrows around the color loops indicate 
increasing ages after the burst onset. Filled circles are artificial data-points from Weilbachcr ct al. (2000) 
modeling. The one labeled 'b' corresponds to a burst strength b > 0.1 and a burst age ~ 20 Myr, 'c' indicates 
a medium to strong burst (b > 0.05) and a burst age > 80 Myr, while 'd' corresponds to an age ~ 7 Myr. 
The artificial point 'e' is an example of background galaxy. Color loops for seven different burst strengths 
are shown. 
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Table 1 

Aperture and Peak Surface Brightness Levels and Clump Sizes 



Object ID 


Aperture fis 


Peak fiB 


a X b 


3+9 


22.35 


21.80 


6.5x2.0 


5 


22.47 




2.0x1.1 


7 


22.24 


21.780 


4.9x2.5 


8 


22.48 


22.35 


1.3x0.6 


10 


22.25 


22.03 


3.5x1.4 


11 


23.54 




2.2x1.7 


12 


22.26 


22.14 


4.5x1.7 



Note. — Aperture and peak /^b are in mag 
arcsec -2 , a and b are the major and minor dimension 
of the clumps expressed in kpc; all surface brightness 
values are corrected for Galactic extinction. 



Table 2 

Magnitudes, Colors and Average Surface Brightnesses 



Object ID 


B 


B-V 


V-R 


V-H 


J-H 


H-K a 


Ms 












3+9 


18.72 


0.44 


0.41 


2.16 


0.66 


0.25 


22.07 


21.63 


21.22 


20.13 


19.47 


19.22 


5 




0.58 


0.43 


2.22 


0.74 


0.21 


22.40 


21.81 


21.38 


20.33 


19.59 


19.38 


7 


19.22 


0.31 


0.35 


1.87 


0.68 


0.05 


22.04 


21.74 


21.39 


20.55 


19.86 


19.81 


8 


22.35 


0.31 


0.40 


2.12 


0.88 




22.44 


22.14 


21.73 


20.90 


20.02 




10 


20.42 


0.41 


0.43 


2.01 


0.73 


0.25 


22.17 


21.76 


21.32 


20.49 


19.75 


19.50 


11 


21.89 


0.19 


0.41 


1.87 


0.90 




23.36 


23.17 


22.75 


22.20 


21.30 




12 


20.93 


0.43 


0.39 


1.99 


0.55 


0.54 


22.22 


21.79 


21.40 


20.41 


19.80 


19.26 


arci 




0.56 


0.40 


1.74 


0.73 


0.29 


22.47 


21.91 


21.51 


20.42 


19.69 


19.40 


arc2 




0.50 


0.33 


1.28 


0.62 


0.55 


22.34 


21.81 


21.51 


20.67 


20.05 


19.50 



Note. — All values are corrected for Galactic extinction. The measurements of two positions along the arc between 
the clumps are indicated with arci and arc2 from North to South. 



Table 3 

Additional Knots: Optical Magnitudes and Colors 



Object ID 


B 


V 


R 


B-V 


V-R 


a 


24.33 


22.03 


21.22 


2.30 


0.82 


b 


20.06 


19.32 


18.85 


0.74 


0.46 


c 


21.89 


20.75 


20.21 


1.13 


0.54 


d 


21.64 


20.59 


20.09 


1.05 


0.50 


e 


21.49 


20.48 


19.88 


1.01 


0.60 



Note. — The listed values are corrected for Galactic ex- 
tinction. 



16 



Table 4 
L H q and SFRs 



Object ID 




Who 


Qion 


N(05) 


SFR 


SFRD 




(10 40 crg s- 1 ) 


(A) 


(10 52 phot, s- 1 ) 




(M© yr- 1 ) 


(10- 8 M yr- 1 pc- 2 ) 


3 


11.56 


198 


8.44 


1688 


0.82 


14.15 


5 a 


0.06 


28 


0.05 


9 


0.004 


0.05 


ga 


0.32 


24 


0.23 


46 


0.02 


0.31 


7 


5.34 


90 


3.90 


780 


0.38 


3.46 


8 


1.30 


94 


0.95 


190 


0.09 


1.41 


9 


2.14 


26 


1.56 


313 


0.15 


1.67 


10 


1.03 


59 


0.75 


150 


0.07 


0.71 



a Quoted values for objects 5 and 6 are not corrected for internal extinction because of the lack of a measurable 
H/3 line in their spectra. 



Table 5 

Photoionization Model Parameters 



Model Parameter 


Object 3 


Object 7 


Object 8 


Object 9 


Object 10 


T, (10 4 K) 


4.0 


4.0 


4.0 


4.0 


4.0 


Z/Z Q 


0.34 


0.30 


0.34 


0.30 


0.10 


N/N 


0.34 


0.20 


0.34 


0.18 


0.08 


o/o 


0.34 


0.36 


0.34 


0.36 


0.08 


s/s 


0.34 


0.36 


0.34 


0.36 


0.10 


U (10~ 4 ) 


4.22 


6.59 


6.93 


4.66 


3.92 


N H (10 2 cm- a ) 


0.94 


1.31 


1.32 


0.57 


2.27 



17 



Table 6 

Observed and Modeled Line Intensities for the Candidate TDGs 



Line 


Object 3 


Object 7 


Object 8 


Object 9 


Object 10 


[Oil] 3727 




6.06±0.19 


4.37±0.40 


6.32±0.42 


2.57±0.57 






4.70, 2.3E+0 


4.16, 1.7E-2 


5.11, 3.2E-1 


2.64, 2.5E-3 


H7 




0.58±0.38 












0.48, 3.3E-1 








[OIII] 4959 


0.53±0.89 


0.83±0.28 


1.01±0.61 








0.37, 2.4E-1 


0.72, 3.3E-1 


0.69, 5.7E-1 






[OIII] 5007 


1.00±0.57 


2.33±0.20 


1.83±0.41 


1.71±0.55 


0.59±0.69 




1.07, 1.4E-2 


2.07, 4.1E-1 


1.99, 4.8E-2 


1.35, 2.4E-1 


0.60, 1.2E-3 


[Nil] 6548 


0.31±0.89 


0.17±1.07 


0.24±1.54 


0.22±1.68 






0.43, 1.8E-1 


0.20, 2.3E-2 


0.35, 9.5E-2 


0.23, 2.2E-4 




Ha 


2.85±0.46 


2.85±0.19 


2.85±0.40 


2.85±0.36 


2.85±0.50 




2.86, 2.9E-5 


2.85, 7.2E-5 


2.85, 1.6E-5 


2.86, 3.7E-5 


2.88, 4.3E-4 


[Nil] 6583 


0.71±0.60 


0.49±0.46 


0.72±0.69 


0.64±0.75 


0.39±0.95 




1.26, 1.7E+0 


0.58, 1.7E-1 


1.04, 4.2E-1 


0.67, 2.8E-3 


0.50, 9.5E-2 


[SII] 6716 


0.96±1.00 


0.66±0.36 


0.62±0.59 


0.93±0.55 






0.62, 3.1E-1 


0.53, 4.4E-1 


0.48, 2.6E-1 


0.65, 5.8E-1 




[SII] 6731 


0.57±1.3 


0.57±0.41 


0.53±0.69 


0.55±0.64 






0.46, 3.1E-1 


0.41, 8.6E-1 


0.37, 4.0E-1 


0.47, 5.4E-2 





Note. — Line intensities are relative to H/3. For every emission line, the observed values with relative 
errors are in the first row and the modeled values with the \ 2 of the fit to the line are in the second 
row, in boldface type. 



Table 7 

Alternative Photoionization Model Parameters 



Model Parameter 


Object 7 


Object 8 


Object 9 


T. (10 4 K) 


4.0 


4.0 


4.0 


Z/Z 


0.10 


0.15 


0.15 


N/N 


0.10 


0.23 


0.15 


o/o 


0.34 


0.38 


0.05 


s/s 


0.34 


0.38 


0.05 


u (10- 4 ) 


5.91 


6.45 


4.66 


N H (10 2 cm- 3 ) 


1.11 


0.95 


0.57 



Table 8 

Magnitudes and Colors of TDG Candidates Corrected for Tail Contribution 



Object ID 


B 


Object V 


Object R 


B-V 


V-R 


M s 


M v 


Mr 


3+9 


19.37 


19.12 


18.67 


0.26 


0.45 


-16.9 


-17.2 


-17.6 


7 


19.87 


19.81 


19.33 


0.06 


0.47 


-16.4 


-16.5 


-16.9 


8 


23.27 


23.30 


22.69 


-0.03 


0.60 


-13.0 


-13.0 


-13.6 


11 


22.54 


22.87 


22.26 


-0.32 


0.61 


-13.7 


-13.4 


-14.0 


10 


21.27 


21.07 


20.46 


0.20 


0.61 


-14.2 


-14.4 


-14.9 


12 


22.05 


21.84 


21.42 


0.21 


0.42 


-15.0 


-15.2 


-15.8 
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